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Study of de tri tal gold grains from mod ern sed i ments in the bed of the Wierzbiak River in Lower Silesia (SW Po land) pro vided
in sights into their mor pho log i cal and chem i cal char ac ter is tics. The gold grains ex hibit low shape di ver sity and a high de gree
of edge round ing. Chem i cally, the gold grains are ho mo ge neous, con sist ing of na tive gold with a max i mum sil ver con tent of
up to 20 wt.%. The grains ana lysed also con tain mi cro-in clu sions, mainly com posed of Ni-Co-Fe sulpharsenides and
sulphides, such as py rite, chal co py rite, ga lena and na tive bis muth, point ing to an as so ci a tion of mesothermal
Fe-Ni-Co-Bi-As min er al iza tion type. The min eral in clu sions ob served are not typ i cal for the quartz veins of the W¹dro¿e
Wielkie Mas sif but re sem ble the min er al iza tion pres ent in the polymetallic veins of the Kaczawa Meta mor phic Com plex. The
re sults of this study sup port a the sis of a com plex gen e sis of the lo cal Lower Silesian gold-bear ing Ce no zoic plac ers, in volv -
ing both the weath er ing of lo cal quartz veins of the W¹dro¿e Wielkie Mas sif and po ten tial con tri bu tions from other ore
sources in the re gion. Fur ther geo phys i cal and bore hole stud ies are needed to more ac cu rately as sess the gold re sources in
the Fore-Sudetic Block, es pe cially in the wa ter sheds of the Wierzbiak and Nysa Szalona rivers.
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INTRODUCTION

Ore min eral mi cro-in clu sions in gold grains found in al lu vial
sed i ments of the Sudetes rivers serve as key in di ca tors of the
crys tal li za tion con di tions of gold-bear ing paragenesis. Com -
bined with anal y ses of grain mor phol ogy and chem i cal com po -
si tion, they pro vide cru cial in for ma tion for de ter min ing the orig i -
nal source of the gold. To date, the pres ence of mi cro-in clu -
sions has been doc u mented and iden ti fied in gold grains col -
lected from river sed i ments of the Jamna Creek near Wleñ,
drain ing the Wleñ Graben (Kania, 2018) and of trib u tar ies of the 
Bóbr and Kaczawa rivers erod ing the de pos its of the North
Sudetic De pres sion’s cover (Kania, 2023; Kania and Muszer,
2024). The mi cro-in clu sions iden ti fied are char ac ter is tic of the
lo cal Perm ian red-bed suc ces sions and As-polymetallic quartz
veins of the Kaczawa Meta mor phic Com plex (Fig. 1).

This ar ti cle de scribes the re sults of stud ies on de tri tal gold
from sed i ments in the bed of the Wierzbiak River, which flows
through the Sudetes Foot hills in the area of the W¹dro¿e
Wielkie Mas sif. A lo cal ka olin cover de vel oped on the gneiss
out crop, along with sur round ing col lu vial and al lu vial de pos its,
was his tor i cally mined, with in tense ac tiv ity be gin ning in the

14th cen tury and con tin u ing in ter mit tently un til the late 19th
cen tury (Domaszewska, 1964; Grodzicki, 1966, 1972; Dzie -
koñski, 1972; Maciejak, 2011a, b). Petrographic anal y ses of lo -
cal Ce no zoic placer de pos its, as well as mor pho log i cal and
chem i cal stud ies of the gold grains, have sug gested that Car -
bon if er ous quartz veins in ter sect ing the W¹dro¿e Wielkie crys -
tal line Mas sif are the pri mary source of the lo cal de tri tal gold
(Grodzicki, 1966, 1972, 1998, and ref er ences therein; Banaœ et
al., 1985; Mikulski and Wierchowiec, 2013; Wierchowiec et al.,
2018).

This study tests those ear lier as sump tions by search ing for
and iden ti fy ing mi cro-in clu sions within gold grains, par tic u larly
those in clu sions con sist ing of ore min er als. Since the 1990s,
this ap proach has been suc cess fully em ployed to com ple ment
tra di tional pan ning meth ods in the ex plo ra tion of Au-poly -
metallic pri mary de pos its (see Leake et al., 1995; Styles, 1995;
Chap man et al., 2002, 2021, 2023; Pitfield et al., 2009). A pop u -
la tion of gold grains was re cov ered from con tem po rary chan -
nel-fill sed i ments of the Wierzbiak River, which drains the
W¹dro¿e Wielkie Mas sif that lies to the north and east. They
con tained nu mer ous min er al og i cally di verse mi cro-in clu sions,
rep re sent ing a paragenesis dis tinct from that found in the
quartz veins of the W¹dro¿e Mas sif.

These find ings pro vide new in sights into the for ma tion of
Ce no zoic gold-bear ing de pos its in the Sudetes Foot hills, high -
light ing their com plex, poly gen etic or i gins. Fur ther more, the re -
sults sup port the hy poth e sis that lo cal con tem po rary gold-bear -
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ing sed i ments also con tain gold re worked from older Ce no zoic
de pos its, in clud ing ma te rial eroded from the crys tal line base -
ment of the Kaczawa Meta mor phic Com plex (Mikulski and
Wierchowiec, 2013).

The re search pre sented in this pa per was pos si ble thanks
to the use of a com bi na tion of re flected light mi cro scopic anal y -
ses, scan ning elec tron mi cros copy (SEM) and en ergy- dis -
persive X-ray spec tros copy (EDS). SEM is com monly used in
con tem po rary re search on de tri tal gold: in the sec ond ary elec -
tron (SE) mode for im ag ing grain mor phol ogy (Townley et al.,
2003; Wierchowiec et al., 2018) and in the back scat tered elec -
trons (BSE) mode for dis tin guish ing phases with dif fer ent
chem i cal com po si tion (Banaœ et al., 1985; Mikulski and
Wierchowiec, 2013; Wierchowiec and Zieliñski, 2017; Chap -
man et al., 2021).

Both im ag ing modes, SE and BSE, en able the ob ser va tion
of se lected parts of grains and the iden ti fi ca tion of very fine mi -
cro-in clu sions (<1 µm), the ob ser va tion of which of ten ex ceeds
the pos si bil i ties of mi cro scopic ex am i na tion in re flected light
(Kania, 2018, 2023; Kania and Muszer, 2024). De ter min ing the
min er al og i cal and chem i cal com po si tion of mi cro-in clu sions is
cru cial in this case, as it al lows for di rect iden ti fi ca tion of
paragenesis and de ter mi na tion of the crys tal li za tion en vi ron -
ment of gold. Mi cro-in clu sion stud ies sig nif i cantly com ple ment
the mor pho log i cal and chem i cal anal y ses of gold grains, per -
formed as part of the prospection of pri mary Au oc cur rences
(Leake et al., 1995; Styles, 1995; Chap man et al., 2023).

GEOLOGICAL SETTING

The study area is lo cated within a seg ment of the Fore-
 Sudetic Block which, to gether with the rel a tively up lifted Sudetic 
Block, forms the up per struc tural unit of the Lower Silesian
Block, cov er ing the north east ern part of the Bo he mian Mas sif
(Mazur et al., 2006; ¯elaŸniewicz and Aleksandrowski, 2008;
¯elaŸniewicz et al., 2011). These two blocks are sep a rated by
the Sudetic Mar ginal Fault (Fig. 1), which ex tends in a NW–SE
di rec tion and was re ac ti vated dur ing the Mio cene (Aramowicz
et al., 2006; Badura et al., 2007).

The lo cal crys tal line base ment of this block is likely com -
posed of the deeper Cadomian orogen (¯elaŸniewicz, 1997;
¯elaŸniewicz et al., 1997) and the Luboradz Unit, which forms
part of the Kaczawa Meta mor phic Com plex. The Luboradz Unit
con sists of a thick suc ces sion of seri cite-quartz schists
(phyllites), greenschists, si li ceous schists with quartzites, and
greywacke schists, with ages rang ing from the Cam brian to the
Lower Car bon if er ous (Baranowski et al., 1990; Kryza and
Muszyñski, 2003; Urbañski and Ró¿añski, 2016). This unit con -
sti tutes the east ern part of the Saxo-Thuringian Zone, where
lithospheric short en ing, clo sure of the sed i men tary ba sin, and
the for ma tion of an accretionary prism oc curred dur ing the
Variscan orog eny (¯elaŸniewicz, 2003, and ref er ences therein).

In the sec tion where riverbed sed i ment sam ples were col -
lected, the Wierzbiak River flows through the south west ern part
of the orthogneiss W¹dro¿e Wielkie Mas sif (Fig. 2). The meta -
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Fig. 1. Gen er al ized geo log i cal map of the north-west ern part of the Lower Silesian Block, with out Ce no zoic cover (GeoLOG;
Dadlez et al., 2000, mod i fied)

Pt3 – Up per Pro tero zoic; gPt3+Cm1 – Up per Pro tero zoic and Lower Cam brian, granitoids; Pt3+O – Up per Pro tero zoic – Or do vi cian; iCm+O –
Cam brian and Or do vi cian, ig ne ous rocks; Cm-S – Cam brian – Si lu rian; gO – Or do vi cian, ig ne ous rocks; O+S – Or do vi cian and Si lu rian;
O-C1 – Or do vi cian – Lower Car bon if er ous; S – Si lu rian; D1+2 – Lower and Mid dle De vo nian; D3 – Up per De vo nian; D3+C1 – Up per De vo nian
and Lower Car bon if er ous; C1 – Lower Car bon if er ous; C2 – Up per Car bon if er ous; gC2 – Up per Car bon if er ous, granitoids; Ps – Rotliegend;
vPs – Lower Perm ian (Rotliegend vol ca nic rocks); Pz – Zechstein; Tr – Tri as sic; Tp – Lower Tri as sic (Buntsandstein); Tm – Mid dle Tri as sic
(Muschelkalk); Tk – Up per Tri as sic (Keuper); Kc+t – Up per Cre ta ceous (Cenomanian and Turonian). The GPS co or di nates marked on the
Map de fine the NW and SE cor ners of the area pre sented in Fig ure 2
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mor phic rocks form ing this mas sif are the old est in the sur -
round ing area, ra dio met ri cally dated to the late Neoproterozoic
or early Cam brian (¯elaŸniewicz et al., 2004; ¯elaŸniewicz and
Aleksandrowski, 2008). The mas sif, elon gated in a NW–SE di -
rec tion, is a horst struc ture, likely up lifted dur ing the Ce no zoic,
and bor dered by the Kaczawa Meta mor phic Com plex through a 
lo cal dis lo ca tion sys tem. The out crop of the mas sif is sit u ated
be tween Miko³ajowice, Augustów, and W¹dro¿e Ma³y, with an
ad di tional smaller horst-like struc ture near Taczalin (Urbañski
and Ró¿añski, 2016).

Within the mas sif, two types of gneiss have been iden ti fied.
The first is rep re sented by two-feld spar gneiss, com posed of
quartz, microcline, al bite, bi o tite and mus co vite, with ac ces sory
Fe ox ides, zir con and gar net. The sec ond is rep re sented by sin -
gle-feld spar gneiss, transitioning into al bite-chlorite schists con -
sist ing of quartz, mus co vite, and al bite, with ad di tional chlorite-
and ap a tite-group mem bers, py rite, and il men ite (Kossowska,
1975; Berezowska and Berezowski, 1979).
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Fig. 2. Com pi la tion of sim pli fied cov ered geo log i cal map and re lief map

Com piled af ter Kozdrój (2009), Przybylski (2009), Urbañski (2009a, b), Kozdrój et al. (2012), Cwojdziñski and Kozdrój (2013).
For lo ca tion of the area see Fig ure 1
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Along side the orthogneisses, am phi bo lites oc cur, pri mar ily
com posed of hornblende and plagioclase, with sub or di nate
quartz, ap a tite, gar net and Fe ox ides (Urbañski and Ró¿añski,
2016).

To the south and south west of the sam pling site, the ex ten -
sive Strzegom-Sobótka gran ite Mas sif, dated to the Late Car -
bon if er ous–Early Perm ian, is pres ent. The Wierzbiak River
briefly drains the north west ern part of this granitoid mas sif, with
its source lo cated be tween RogoŸnica, Graniczna, and
¯ó³kiewka. In this area, Kural and Jerzmañski (1974) iden ti fied
me dium- and fine-crys tal line bi o tite gran ites. Ac cord ing to Do -
mañ ska- Siuda (2007a, b), lo cal ex po sures show hornblen de-
 bi o tite gran ites, com posed of quartz, plagioclase (al bite-an de -
sine), al kali feld spar (mainly perthitic microcline), hornblende
and bi o tite, with mi nor zir con, epidote, al la nite, ti tan ite, il men ite
and rutile. This gran ite va ri ety also con tains nu mer ous finely
crys tal line en claves of dioritic, granodioritic and tonalitic com -
po si tion, rang ing from sev eral centi metres to sev eral tens of
centi metres in size.

Dat ing of both the gran ite and the en claves us ing the Rb-Sr
method yielded an in tru sion age of 285.1 ±8.5 Ma to 278 ±7 Ma
(Pin et al., 1989; Domañska-Siuda et al., 2004). Near Go -
cza³ ków, in the im me di ate vi cin ity of the gran ite mas sif, a con -
tact-meta mor phosed cover is pres ent, com posed pre dom i -
nantly of seri cite-quartz schists, with sub or di nate spot ted
schists and hornfels (Urbañski and Ró¿añski, 2016).

The gran ite in tru sion is in ter sected by aplite and peg ma tite
veins. Aplites are dis tin guished from gran ite by their finely crys -
tal line struc ture, white to ash-grey colour, and neg li gi ble bi o tite
con tent (Urbañski and Ró¿añski, 2016). In the case of
pegmatites, the fol low ing pat terns within the mas sif have been
ob served: in the west ern part, drusen (miarolitic) pegmatites
co-oc cur with vein pegmatites; in the east ern part, vein
pegmatites dom i nate, con tain ing beryl and gar net. This dif fer -
en ti a tion is at trib uted to vary ing depths of crys tal li za tion of re -
sid ual magma in both parts of the Mas sif (Janeczek, 1985).

Quartz veins cut ting through the W¹dro¿e meta mor phic
fea ture are of a sim i lar age to the Strzegom-Sobótka gran ite
Mas sif. Ac cord ing to Majerowicz (1963), they formed dur ing the 
Sudetes phase of the Variscan orog eny. These quartz veins
typ i cally ex hibit a NW–SE or N–S ori en ta tion, with thick nesses
reach ing 35 m and lengths of up to 1 km. Their pri mary con stit u -
ents, apart from milky quartz, in clude ka olin and seri cite (Czy¿ -
owa and Majerowicz, 1965; Berezowska and Berezowski,
1979). Permo-Me so zoic strata are pre served only in the Sude -
tic Block, fill ing the North-Sudetic De pres sion with clastic and
car bon ate rocks (Fig. 2).

The al lu vial de pos its of the Wierzbiak River Val ley con sti -
tute part of the Ce no zoic sed i men tary cover, de pos ited di rectly
on the meta mor phic-mag matic base ment of the Fore-Sudetic
Block. In the Paleogene, sed i men ta tion com menced within
grabens and tec tonic de pres sions. By the Oligocene, intraplate
ba saltic vol ca nism had de vel oped, con tin u ing into the Mio cene, 
when in creased tec tonic ac tiv ity led to the up lift of the Sudetic
Block rel a tive to the Fore-Sudetic Block. This pro cess re sulted
in the for ma tion of grabens and horsts, which were sub se -
quently filled with clastic and or ganic sed i ments.

Dur ing this time, ex ten sive weath ered for ma tions de vel -
oped on Pa leo zoic crys tal line rock out crops, form ing thick
clayey regolith cov ers. A warm, hu mid cli mate caused in tense
chem i cal weath er ing, lead ing to the en rich ment of regolith with
ka olin, illite and mont mo ril lo nite. In lo cal tec tonic de pres sions,
where ero sion was lim ited, these regolith cov ers have been
pre served, reach ing thick nesses of over 100 metres (Urbañski
and Ró¿añski, 2016).

Ba saltic for ma tions near Miko³ajowice, Paw³owice Wielkie,
and Janowice oc cur mainly as lava flows, oc ca sion ally ac com -
pa nied by tuffs. These bas alts pri mar ily con sist of ol iv ine (chrys -
o lite) and pyroxene pheno crysts, em bed ded in a groundmass
com posed of cal cium monoclinic py rox enes, ol iv ine, and Ti-Fe
ox ides (Badura et al., 2005). Ad di tion ally, ultra mafic rock en -
claves have been doc u mented within these vol ca nic units
(Urbañski and Ró¿añski, 2016, and ref er ences therein). K-Ar
dat ing of bas alts from Miko³ajowice and Paw³owice Wielkie by
Birkenmajer et al. (2004) in di cates an Oligocene–Lower Mio -
cene age.

Lower and Mid dle Mio cene de pos its in the study area are
pre dom i nantly silts, clays and lig nites. The Poznañ For ma tion
(Mid dle Mio cene–Plio cene) con sists of clay-sand fa cies de pos -
its with dis persed or ganic mat ter and oc ca sional car bo na ceous
clay interbeds. The Gozdnica For ma tion, the youn gest Neo -
gene unit (Up per Mio cene–Plio cene), is com posed of coarse-
 grained al lu vial de pos its (Urbañski and Ró¿añski, 2016).

Pleis to cene postglacial de pos its formed dur ing three
glaciations. The Lower Pleis to cene and the South Pol ish Gla ci -
ation (Mindel) are rep re sented by flu vio gla cial yel low sands and 
grav els, and dark boul der clays with ad mix tures of car bo na -
ceous clay and xylites. The de pos its of the Mid dle Pol ish Gla ci -
ation (Riss) in clude glaciofluvial sands and grav els, gla cial silts
and tills. The North Pol ish Gla ci ation (Würm) is rep re sented by
floodplain ter race sands and grav els, and loess and loess-like
clays. Ho lo cene de pos its in clude silts fill ing melt wa ter de pres -
sions, river sands and grav els form ing flood ter races, and al lu -
vial soils and peat de pos its (Urbañski and Ró¿añski, 2016).

The GPS co or di nates marked on the map de fine the NW
and SE cor ners of the area shown in Fig ure 2.

MATERIAL AND METHODS

The sam pling site is lo cated in the mid dle sec tion of the
Wierzbiak River, a right-bank trib u tary of the Kaczawa River,
be tween the vil lages of Strachowice, Lubieñ and Ogonowice,
~70–80 m down stream from the mouth of the Modzel trib u tary.
The se lec tion of the sam pling site lo ca tion was an at tempt to
iden tify gold grains oc cur ring in the Wierzbiak River chan nel-fill
sed i ments de pos ited far ther west, be yond the pre vi ously doc u -
mented area of oc cur rence of de tri tal al lu vial gold (Grodzicki,
1966, 1972; Mikulski and Wierchowiec, 2013). In this sec tion,
the river flows through a wide val ley and is char ac ter ized by a
rel a tively gen tle cur rent, which fa cil i tates the ac cu mu la tion of
fine-grained sed i ments, in clud ing muds and clay. The low-en -
ergy flow, re flected in the fine-grained na ture of the de pos ited
ma te rial, re sulted in a low con cen tra tion of gold in the riverbed
sed i ments. Con se quently, only nine gold grains were re cov ered 
and pre pared for fur ther anal y sis. How ever, the pri mary ob jec -
tive of the field work was to ob tain suf fi cient gold grains to iden -
tify mi cro-in clu sions of ore min er als, which had not been stud ied 
in ear lier pub li ca tions. In this case, their oc cur rence was iden ti -
fied in 2 of the grains ana lysed (in clud ing one grain con tain ing
as many as 13 dis tinct mi cro-in clu sions). In pre vi ously stud ied
pop u la tions of de tri tal gold, the pro por tion of grains con tain ing
them was not as great (see Kania, 2018, 2023; Kania and
Muszer, 2024).

The sam pling pro cess was purely qual i ta tive, aim ing to ob -
tain a suf fi cient quan tity of ma te rial for re search rather than de -
ter min ing the con cen tra tion of gold grains within the river sec -
tion stud ied. To en hance the ini tial in-situ grav ity sep a ra tion of
gold from low-con cen tra tion sed i ments, a mod i fied Henderson
hand pump cou pled with a Mo bile Grav ity Con cen tra tor (MGC)
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was em ployed (see Kania, 2020; Muszer et al., 2016). The to tal
vol ume of the in put ma te rial pro cessed us ing the MGC dur ing
sam pling amounted to 0.076 m3, yield ing a pre-con cen trate of
266 g un der field con di tions.The pre-con cen trated ma te rial was 
sieved us ing a 2 mm mesh. Af ter mac ro scopic iden ti fi ca tion and 
man ual se lec tion of coarser gold grains, the ma te rial was fur -
ther pro cessed at the De part ment of Eco nomic Ge ol ogy, In sti -
tute of Geo log i cal Sci ences, Uni ver sity of Wroc³aw. The sep a -
ra tion was car ried out us ing a Wilfley-type con cen trat ing ta ble
with mul ti ple re pro cess ing cy cles. Ul ti mately, the mass of the fi -
nal con cen trate ob tained af ter grav ity sep a ra tion amounted to
20 g, which cor re sponds to an es ti mated mass of 263 g of the
heavy min eral frac tion per 1 m3 of sed i ment. Such trace
amounts of gold oc cur ring in the lo cal sed i ments had al ready
been re ported by Mikulski and Wierchowiec (2013), who de -
scribed its con cen tra tion in sam ples of eluvial, col lu vial, and al -
lu vial sed i ments as “from trace to 0.12 g/m3”.

Pol ished sec tions of the gold grains re cov ered were pre -
pared by em bed ding them in hard ened ep oxy resin. Grind ing
and pol ish ing were per formed us ing Struers metallographic ma -
te ri als, in clud ing Pi ano di a mond discs and MD pol ish ers with
ded i cated pol ish ing pastes.

The qual i ta tive as sess ment of grain mor phol ogy was based
on the sim pli fied clas si fi ca tion by DiLabio (1991), which dis tin -
guishes three cat e go ries: pris tine grains, char ac ter ized by their
orig i nal ir reg u lar and an gu lar shapes; mod i fied grains, show ing
signs of abra sion but re tain ing some orig i nal fea tures; and re -
shaped grains, which are rounded due to pro longed trans port
and abra sion.

To com pare grain mor phol ogy based on cross-sec tional
shape ob served in re flected light, an orig i nal quan ti ta tive com -
par a tive anal y sis was em ployed. This anal y sis in volved cal cu -
lat ing the dimensionless K in dex for each grain ana lysed. The K 
in dex rep re sents the ra tio of the grain’s cross-sec tional per im e -
ter to the cir cum fer ence of a cir cle with an equiv a lent area,
thereby ac count ing for the ef fec tive po ros ity of the grains (see
Kania and Muszer, 2024). The ra tio nale for us ing this pa ram e -
ter lies in the abra sion pro cess of gold grains which, as they mi -
grate in a supergene en vi ron ment, grad u ally be come more
rounded and lose their orig i nal ir reg u lar shapes (DiLabio, 1991;
Townley et al., 2003). As abra sion pro gresses, the K in dex de -
creases, ap proach ing a value of 1 (Kania, 2020). A key ad van -
tage of this method is its ap pli ca bil ity to the quan ti ta tive, sta tis ti -
cal com par i son of dif fer ent grain pop u la tions.

Con tour de lin ea tion and length mea sure ments were per -
formed on high-res o lu tion BSE im ages, which pro vide strong
con trast be tween the gold grains and their sur round ings. The
con tours were dig i tized as poly gons with ver ti ces spaced at an
av er age dis tance of 77 nm, and their lengths were mea sured
us ing Surfer soft ware (Golden Soft ware).

Chem i cal com po si tion anal y sis, as well as the search for
and pre lim i nary iden ti fi ca tion of mi cro-in clu sions, was con -
ducted in re flected light us ing a Nikon Eclipse LV100 POL po -
lar iz ing uni ver sal mi cro scope. For ob jects smaller than 10 µm, a 
dig i tal dis play cou pled to the mi cro scope en abled ob ser va tions
at mag ni fi ca tions of up to 2500×. Find ings from re flected light
mi cros copy were ver i fied through mi cro-area anal y ses us ing a
FEI Quanta scan ning elec tron mi cro scope, equipped with
SDD-gen er a tion EDS de tec tors from the XFlash se ries and
Bruker Es prit v1.9 soft ware. In to tal, 28 point anal y ses, 1 lin ear
anal y sis and 84 el e men tal maps were made of the mi cro-in clu -
sions. A de tailed de scrip tion of the SEM-EDS meth od ol ogy is
pro vided in the Ap pen dix 1. De spite the strictly ap plied mea -
sure ment meth od ol ogy de scribed in the Ap pen dix 1 – in clud ing
de tec tor cal i bra tion, man ual in ter pre ta tion of spec tra and pre -

cise peak anal y sis – the re sults ob tained and de scribed of point
anal y ses should be re garded as semi-quan ti ta tive, in which the
ex act el e men tal com po si tion can not be de ter mined with out the
use of stan dards.

OCCURRENCE OF GOLD ORE MINERALIZATION
IN THE STUDY AREA

Both pri mary and sec ond ary gold oc cur rences are known in
the study area. The pri mary min er al iza tion, al though rel a tively
poor, is as so ci ated with Car bon if er ous quartz veins that cut
through the meta mor phic rocks of the W¹dro¿e Wielkie Mas sif.
These veins vary in thick ness from a few centi metres to up to
35 m, with lengths of up to sev eral hun dred metres (Koz³ow -
ska- Koch, 1959; Uberna, 1959; Czy¿owa and Majerowicz,
1965; Berezowska and Berezowski, 1979; ¯elaŸniewicz and
Aleksandrowski, 2008; Mikulski and Wierchowiec, 2013).
Within these veins, mi cro scopic gold (<0.2 mm) oc curs along -
side sub mi cro scopic gold, which is con cen trated in py rite with
an av er age con tent of 1.6 ppm (Zöller and Heuseler, 1926;
Grodzicki, 1966).

Sec ond ary gold oc curs in var i ous sed i men tary en vi ron -
ments, com pris ing lo cal kaolinized regolith formed in situ on the 
out crops of the W¹dro¿e Mas sif, and col lu vial and al lu vial sed i -
ments of the Wierzbiak River. Mikulski and Wierchowiec (2013) 
con ducted com par a tive stud ies on the mor phol ogy and chem i -
cal com po si tion of gold grains col lected from these types of de -
posit. Their stud ies re vealed marked dif fer ences in gold con -
tent, grain size, mor phol ogy and con cen tra tion across the sed i -
men tary types.

In the al lu vial sed i ments, larger grains (up to 1.5 mm) are
gen er ally more flat tened and rounded, com monly with bent
edges and a lack of in clu sions or overgrowths. These grains
com monly show Ag-de pleted rims and, in some cases, a po -
rous struc ture.

In con trast, eluvial gold re tains relic fea tures of its pri mary
mor phol ogy, with nar rower Ag-de pleted rims and a small pro -
por tion (1–2%) of po rous grains. Mikulski and Wierchowiec
(2013) also ob served mor pho log i cal changes in gold grains
along the river course, not ing a pro gres sive down stream in -
crease in grain round ing, con sis tency of shape, and the pro por -
tion of flake-shaped grains.

Gold from the col lu vial de pos its shows in ter me di ate fea -
tures, in clud ing vis i ble abra sion marks and fre quent min eral in -
clu sions, e.g., rutile and clay min er als (Wierchowiec, 2010;
Mikulski and Wierchowiec, 2013).

RESULTS

MORPHOLOGY AND CHEMICAL COMPOSITION

A de tailed anal y sis of chem i cal and min er al og i cal com po si -
tion was con ducted on nine de tri tal gold grains col lected from
the Wierzbiak River bed sed i ments. Eight grains show rounded
edges and oval shapes, char ac ter is tic of the re shaped mor pho -
log i cal class. One grain (W-1) dis plays fea tures of the mod i fied
class, with par tially rounded and blunted sharp edges, sug gest -
ing lim ited me chan i cal abra sion while re tain ing an over all ir reg -
u lar mor phol ogy. This is re flected in the K in dex val ues, which
are gen er ally < 2.0, ex cept for two grains: W-2 and W-4 (Fig. 3).
These two grains dis play rounded edges and a dis tinct spongy
in ter nal tex ture, de vel oped through out the en tire grain vol ume,
align ing mor pho log i cally with amal gam ate-type grains of an -
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thro po genic or i gin pre vi ously doc u mented in Ho lo cene sed i -
ments of the Skora River (Muszer et al., 2016; Kania and
Muszer, 2024). The grains vary in cir cum fer ence from 95 µm to
455 µm, with an av er age di am e ter of 260 µm.

The chem i cal com po si tion of the grain pop u la tion is rel a -
tively ho mo ge neous, with sil ver iden ti fied as the only sig nif i cant
im pu rity, ap proach ing 20 wt.%. No ta bly, grains W-1 and W-3
ex hibit zones of el e vated sil ver con tent, lo cated both in ter nally
and along their edges (Fig. 4), whereas in the re main ing grains,
sil ver is more uni formly dis trib uted across the sec tions ana -
lysed (Figs. 5 and 6). No grains with dis tinct Ag-de pleted rims
were iden ti fied in the sam ple stud ied.

Grains W-1, W-3, W-5 and W-7 re vealed intra-grain vari a -
tions in Ag con tent (Fig. 4), sug gest ing in ter nal het er o ge ne ity,
while the other grains show a more uni form com po si tion. Based 
on the phase com po si tion, all grains are com posed of na tive
gold (sensu Yushko-Zakharova et al., 1986). The re sults of the
anal y ses of Ag con tent in in di vid ual grains are shown in tab u lar
form in Ap pen dix 1.

The pres ence of mer cury was not con clu sively con firmed,
in clud ing in po rous W-2 and W-4 grains. Nei ther se ries of point
anal y ses nor de tailed anal y ses of the spec tra ob tained re -
vealed Hg con cen tra tions ex ceed ing the de tec tion limit of
0.1 wt.%, adopted as a de tec tion limit for the an a lyt i cal method
used.

MICROINCLUSIONS

No in clu sions of rock-form ing min er als were iden ti fied in the 
gold grain pop u la tion stud ied. De spite the small pop u la tion of
sam pled grains, a no ta bly rich pop u la tion of 13 microinclusions
of ore min er als was doc u mented.

These in clu sions vary in size from submicrometre di men sions
to ~10 µm. The ma jor ity were iden ti fied within the re shaped grain
W-6 (Fig. 6), which con tains the larg est and most com plex in clu -
sion: a polymineralic, oval ag gre gate com posed of a xenomorphic
chal co py rite crys tal intergrown with Ni-Co-Fe sulpharsenides (up
to 6 µm across) and a 2-µm ga lena crys tal (Fig. 7). The re main ing
in di vid ual in clu sions con sist of dis crete microinclusions not ex -
ceed ing 5  µm in size. These are rep re sented by three arseno -
pyrites (3–5 µm), two py rites (1 and 2.5  µm), and two Ni-Fe-Co
sulpharsenides with di am e ters <1 µm, most of which have a com -
po si tion dom i nated by nickel, re sem bling gersdorffite. One of the
ar seno py rite in clu sions dis plays a dis tinctly automorphic,
rhombohedral habit (Figs. 8 and 9).

In ad di tion, a sin gle oval exsolution in clu sion of na tive bis -
muth, ~4 µm in di am e ter and con tain ing trace amounts of tel lu -
rium and ar senic, was iden ti fied within re shaped grain W-9
(Figs. 10 and 11).

DISCUSSION

De spite the lim ited size of the grain pop u la tion stud ied, it is
char ac ter ized by rel a tively lim ited vari abil ity in both shape and
chem i cal com po si tion when com pared to pre vi ously ana lysed
pop u la tions from the bed sed i ments of the Jamna Creek
(Kania, 2018), the Skora River and ¯eliszowski Creek (Kania,
2023; Kania and Muszer, 2024). The dis tinct pre dom i nance of
rounded grains with low K in dex val ues sug gests their sig nif i -
cant trans port dis tance from the source area.

The sam pling site is lo cated ~0.5 km down stream from the
low er most al lu vial sed i ment sam ple col lected by Mikulski and
Wierchowiec (2013) and the ob served dif fer ences in the mor -
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Fig. 3. Out lines of the gold grains an a lyzed in de tail, shown in re la tion to
their cal cu lated K in dex val ues
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phol ogy and chem i cal com po si tion of the gold grains de scribed
in their study com pared to those ana lysed herein are sig nif i cant
– none of the grains in the pres ent study show Ag-de pleted rims 
or electrum com po si tions, nor pos sess an an gu lar, clearly pris -
tine shape. How ever, the pres ence of rounded grains with po -
rous struc tures was con firmed, which were con sid ered by pre vi -
ous au thors as prod ucts of weath er ing pro cesses or rede -
position from older Ce no zoic de pos its. Point anal y ses con -
ducted in this study do not con tra dict this in ter pre ta tion: trace

Hg con cen tra tions and the ab sence of dis cern ible and iden ti fi -
able Hg peaks in the EDS spec tra do not pro vide suf fi cient ev i -
dence to clas sify the grains ana lysed as anthropogenic amal -
gams.

Im por tantly, the most sig nif i cant new in sights into the gen e -
sis and evo lu tion of lo cal placer gold de pos its de rive not from
the grain mor phol ogy or bulk chem i cal com po si tion, but from
the min er al og i cal and chem i cal char ac ter iza tion of mi cro-in clu -
sions de scribed in this study.
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Fig. 4. W-1 gold grain

A – im age in re flected light, B – BSE im age

Fig. 5. W-8 gold grain

A – im age in re flected light, B – BSE im age
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Fig. 6. The ore-bear ing W-6 gold grain

A – im age in re flected light, B – BSE im age; lo ca tion of the sec tions shown in Figures 7, 8 and 9 marked

Fig. 7. En large ment of sec tion A of Fig ure 6B – polymineralic in clu sion of sulpharsenides and sulphides 
within the W-6 gold grain

A – im age in re flected light; B – BSE im age with lo ca tion of the point anal y ses marked (re sults in Ap pen dix 1); 
C – SE im age; D–H – dis tri bu tion of se lected el e ments: black, vi o let, blue, green up to red colours in di cate 

in creas ingly high concentrations
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Fig. 8. En large ment of sec tion B of Fig ure 6B – in clu sion of ar seno py rite com po si tion within the W-6 gold grain

A – im age in re flected light; B – BSE im age with lo ca tion of the point anal y sis marked (re sults in Ap pen dix 1)

Fig. 9. En large ment of sec tion C of Fig ure 6B – in clu sions of Fe-Ni-Co sulpharsenides and sulphides within the W-6 gold grain

BSE im age with lo ca tion of the point anal y ses marked (re sults in Ap pen dix 1)
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Fig. 10. The ore-bear ing W-9 gold grain

A – im age in re flected light; B – SE im age, lo ca tion of the sec tion shown in Fig ure 11 marked

Fig. 11. En large ment of sec tion A of Fig ure 10 – phase of na tive bis muth within the W-9 gold grain SE im age with lo ca tion of the 
point anal y sis marked (re sults in Ap pen dix 1)



It is com monly con sid ered that the pri mary source of the al -
lu vial gold de pos its in the Wierzbiak Val ley is the nearby quartz
veins that cut through the W¹dro¿e meta mor phic Mas sif. This
in ter pre ta tion is strongly sup ported by the pres ence of gold-
 bear ing clasts of vein quartz iden ti fied within the weath ered
eluvial cov ers de vel oped on the W¹dro¿e gneiss Mas sif, as well 
as within the sur round ing col lu vial de pos its. Fur ther sup port co -
mes from the re sults of com pre hen sive com par a tive anal y ses
of the mor pho log i cal char ac ter is tics of eluvial, col lu vial and al lu -
vial gold grains, in clud ing stud ies of grain out lines, shapes, sur -
face struc tures, min eral inter growths and overgrowths, and the
pres ence of Ag-de pleted rims (Grodzicki, 1972, 1998, and ref -
er ences therein; Banaœ et al., 1985; Mikulski and Wierchowiec,
2013).

How ever, the re sults of SEM-EDS anal y ses of mi cro-in clu -
sions found in two gold grains from the Wierzbiak River bed
sed i ments point to a more com plex gen e sis of the gold-bear ing
de pos its in the Legnickie Pole – Miko³ajowice – W¹dro¿e re -
gion. Par tic u larly sig nif i cant is the no ta ble abun dance of ar -
senic, which ap pears to have been a key com po nent of the
crys tal li za tion en vi ron ment in which the iden ti fied mi cro-in clu -
sions formed. Ar senic is pres ent not only in the Ni-Co-Fe
sulpharse nides but also in na tive bis muth and py rite, in con cen -
tra tions reach ing sev eral weight per cent.

By com par i son, the quartz gold-bear ing veins of the
W¹ dro¿e gneiss Mas sif show a qual i ta tively dis tinct min er al og i -
cal com po si tion (Ta ble 1). Ar senic min er al iza tion in these veins
is rep re sented ex clu sively by a Cu-As sulphosalt (ten nan -
tite-group mem ber?). Ad di tion ally, min eral phases in dic a tive of
higher crys tal li za tion tem per a tures, in clud ing pneu mato lyt ic
min er als such as cas sit er ite, ti tan ite, xeno time- and monazite-
 group mem bers, are also pres ent (Wo³kowicz, 2015). Ac cord -
ing to Wo³kowicz (2015), the oc cur rence of mag ne tite, chro -
mite, ti tan ite, xenomorphic py rite and pos si bly rutile within the
quartz veins re flects rel ics of rock trans for ma tion as so ci ated
with quartz min er al iza tion pro cesses. The high-tem per a ture hy -
dro ther mal crys tal li za tion of al la nite, monazite, xeno time and
prob a bly cas sit er ite is at trib uted to a postmagmatic or i gin. By
con trast, the pres ence of automorphic py rite, sulphosalts, ga -
lena, sphalerite, chal co py rite and prob a bly na tive bis muth is
linked to the ac tiv ity of low-tem per a ture hy dro ther mal flu ids.

Mean while, the mi cro-in clu sions iden ti fied within the de tri tal
gold grains ana lysed are pre dom i nantly rep re sented by
Ni-Co-Fe sulpharsenides, along with in di vid ual sulphides such
as py rite, ga lena and chal co py rite, as well as na tive bis muth.
This min eral as sem blage closely re sem bles an ore min er al iza -
tion found in hy dro ther mal As-polymetallic veins of the Kacza -
wa Meta mor phic Com plex. A sim i lar as so ci a tion of mi cro-in clu -
sions, rep re sented by ga lena and nu mer ous Co-Fe-Ni
sulpharsenides (with Co-Ni-Fe ar sen ides?), was pre vi ously
iden ti fied within a de tri tal gold grain from the Ho lo cene al lu vial
sed i ments of the Jamna Creek, which flows through the Wleñ
Trough near the quartz–polymetallic vein sys tem of the Klecza
– Radomice re gion (Kania, 2018; see Ta ble 1). In these lo cal
hy dro ther mal de pos its, the na tive gold min er al iza tion was pre -
ceded by a mesothermal min eral as so ci a tion com posed of
sulphides, sulpharsenides, and sulphosalts, in clud ing py rite,
chal co py rite, ga lena, sphalerite, tetrahedrite and cobaltite, as
well as electrum (Mikulski, 2007).

In its up per course, the Wierzbiak River also drains the
north west ern part of the Strzegom – Sobótka granitoid mas sif,
where a deep ero sive cut lo cally reaches peg ma tite min er al iza -
tion zones. The ore min eral as sem blages of pegmatites lo cated 
in the west ern part of the mas sif, out lined in Ta ble 1, rep re sent a 

typ i cal pneu mato lyt ic and high-tem per a ture range of hy dro ther -
mal pro cesses. No ta bly, these as sem blages are de void of ar -
senic-bear ing phases.

The clos est hy dro ther mal oc cur rence with sig nif i cant ar -
senic min er al iza tion to the sam pling site is con sti tuted by the
polymetallic veins of the Che³miec Unit of the Kaczawa Meta -
mor phic Com plex, ~15 km to the WSW. These veins ex hibit
con sid er able vari abil ity in min eral com po si tion (Ta ble 1), with
thick nesses rang ing from 0.3 to 8 m and lengths from 0.3 to 1
km. While the av er age gold con cen tra tion typ i cally does not ex -
ceed 100 ppb, con cen tra tions in two veins – Dêbowa near
Mêcinka and Olejna near Che³miec – reach 0.344 and 1.01
ppm, re spec tively (Mikulski, 2007, 2011). Gold in these veins
oc curs ex clu sively in sub mi cro scopic form, pri mar ily as an ad -
mix ture within Ni-Co-Fe sulpharsenides (gers dorf fite, cobaltite,
ar seno py rite), with a strong pos i tive cor re la tion to the con tent of 
As, Ni and Co (Mikulski, 2007). Given this, the clastic ma te rial
de rived from the eroded lo cal quartz veins could not have been
the source of the ore-bear ing de tri tal gold in the Wierzbiak sed i -
ments.

The Sudetic Block, to gether with the Fore-Sudetic Block, is
tectonostratigraphically ho mo ge neous. How ever, the sur face
ex poses dif fer ent in ter sec tion lev els, which are re lated to the
ac tiv ity of the Sudetic Bound ary Fault and the fi nal, rel a tive up -
lift of the Sudetic Block (¯elaŸniewicz and Aleksandrowski,
2008). The oc cur rence of As-polymetallic gold-bear ing quartz
veins is not nec es sar ily con fined to the Che³miec Unit but may
ex tend northeastwards into the Fore-Sudetic Block, where be -
yond the Strzegom-Sobótka Mas sif, the veins are bur ied be -
neath a cover of Ce no zoic strata. This hy poth e sis aligns with
the in ter pre ta tion pro posed by Mikulski and Wierchowiec
(2013), who sug gested that by the end of the Pleis to cene, ero -
sional pro cesses of the lo cal river net work reached the base -
ment rocks, ad di tion ally erod ing older regolith cov ers and de -
pos its from ear lier glaciations. In a broader con text, the po ten -
tial ge netic de vel op ment and re la tion ship be tween the
polymetallic min er al iza tion of the Che³miec Unit in the Kaczawa 
Meta mor phic Com plex, the Fore-Sudetic Block in the area of
the W¹dro¿e Wielkie Mas sif, and the tec tonic-mag matic ac tiv ity 
of the Strzegom-Sobótka Mas sif was dis cussed in more de tail
by Mikulski (2007: 93–96).

There is also the pos si bil ity of de po si tion of gold-en riched
mo raines, in clud ing ma te rial eroded from the Fennoscandian
Shield, in the Wierzbiak drain age ba sin dur ing the Pleis to cene
gla cial ad vances; Koz³owski (2011) doc u mented the pres ence
of Scan di na vian de tri tal gold in Po land. How ever, due to the
wide spread oc cur rence of gold-en riched polymetallic veins of
Fe-Ni-Co-Bi-As type within the Kaczawa Meta mor phic Com -
plex, this op tion should be con sid ered un likely.

The re sults de scribed in this pa per do not con tra dict the pre -
vail ing view that the great ma jor ity of lo cal de tri tal gold in these
al lu vial sed i ments orig i nates from the weath er ing of quartz
veins of the W¹dro¿e Wielkie Unit. In fact, they jus tify the need
for fur ther, more de tailed in ves ti ga tions aimed at de ter min ing
the dis tri bu tion of de tri tal gold as so ci ated with the Fe-Ni- Co-
 Bi-As min er al iza tion as sem blage in lo cal Ce no zoic de pos its.
These stud ies should ini tially fo cus on sys tem atic sam pling of
the riverbed sed i ments of the Wierzbiak River and its trib u tary,
the Modzel River. In ter pre ta tions of grain trans port di rec tions
should con sider not only the pres ent-day ter rain mor phol ogy,
but also the lo cal palaeotopography and the oc cur rence of older 
Ce no zoic de pos its, par tic u larly those of Pleis to cene age. The
pre lim i nary re search de scribed in this ar ti cle, to gether with the
pro posed frame work for more de tailed stud ies, pro vide a ra tio -
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T a  b l e  1

Com par i son of the qual i ta tive com po si tion of ore min er als (ex clud ing na tive gold) de scribed from hy dro ther mal veins of the
W¹dro¿e Mas sif and the Kaczawa Meta mor phic Com plex

+ – pres ence con firmed, ? – prob a ble pres ence, ore min er als with a com po si tion sim i lar to the com po si tion of mi cro-in clu sions iden ti fied in
gold grains W-6 and W-9 are marked in bold



nale for im proved geo phys i cal ex plo ra tion of the base ment of
the Kaczawa Meta mor phic Com plex in the study area. Such in -
ves ti ga tions have al ready been car ried out by the Pol ish Geo -
log i cal In sti tute us ing the Very Low Fre quency (VLF) elec tro -
mag netic method in the Klecza–Radomice re gion (Mikulski and
Ostrowski, 2023), and they align with a broader in tent to ex plore 
for and iden tify Au-polymetallic ore de pos its within the
Fore-Sudetic Block (Szama³ek et al., 2020).

CONCLUSIONS

1. The pop u la tion stud ied of de tri tal gold from con tem po rary 
Wierzbiak riverbed sed i ments ex hib its low vari abil ity in grain
shape and a high de gree of edge round ing, as in di cated by low
K in dex val ues. This likely re flects a slow rate of grain mi gra tion. 
Sim i larly, the grains show a rel a tively ho mo ge neous Au-Ag al -
loy com po si tion, clas si fied within the na tive gold phase (sensu
Yushko-Zakharova et al., 1986) with sil ver con tent reach ing up
to 20 wt.% Ag. How ever, the dif fer ences in the av er age Ag
weight con tents be tween in di vid ual grains reach sev eral per -
cent age points. These fea tures dis tin guish the grains ana lysed
from those col lected from sed i ments of the Wleñ and Kaczaw -
skie Foot hills ar eas, where lo cal gold grain pop u la tions are
char ac ter ized by greater mor pho log i cal and chem i cal di ver sity,
in clud ing grains com posed of na tive gold, metastable and
electrum phases (see Kania, 2018, 2023; Kania and Muszer,
2024).

2. De spite the pau city of grains ob tained for anal y sis, de tri tal 
gold was found in the al lu vial sed i ments of Wierzbiak up to the
mouth of the Modzel River trib u tary. These re sults should be
con sid ered pre lim i nary, jus ti fy ing fur ther ex plo ra tion for
Au-polymetallic min er al iza tion in the Wierzbiak River ba sin
area, and in par tic u lar along the Modzel trib u tary.

3. The microinclusions ob served in the gold grains ana lysed 
rep re sent a typ i cal Fe-Ni-Co-Bi-As hy dro ther mal min er al iza tion
as sem blage, dom i nated by Ni-Co-Fe sulpharsenides and
As-bear ing sulphides, in clud ing py rite, chal co py rite, ga lena and 
na tive bis muth. This paragenesis of the mi cro-in clu sions does
not cor re spond to the min er al og i cal as sem blages iden ti fied in
the quartz veins of the W¹dro¿e Wielkie Mas sif, nor to the peg -
ma tite-hy dro ther mal min er al iza tion of the Strzegom-Sobótka
Mas sif. In stead, it is con sis tent with the ore min er al iza tion char -

ac ter is tic of the polymetallic quartz veins in the Che³miec Unit,
part of the Kaczawa Meta mor phic Com plex. How ever, the pres -
ence of gold in these veins was con firmed ex clu sively in sub mi -
cro scopic form, as a trace ad mix ture in sulpharsenides.

4. The re sults of this study sup port a hy poth e sis of com plex
gen e sis for the lo cal gold-bear ing placer de pos its. While most
gold grains oc cur ring in the Wierzbiak River sed i ments likely
orig i nate from the weath ered quartz veins in ter sect ing the
W¹dro¿e Wielkie Mas sif, the mi cro-in clu sions iden ti fied sug -
gest the pos si ble con tri bu tion of gold sourced from the other pri -
mary gold-bear ing de pos its within the Kaczawa Meta mor phic
Com plex: eroded over time, their gold-bear ing ma te rial may
have been sub se quently in cluded in the Ce no zoic de pos its of
the Fore-Sudetic Block.

5. Pre vi ous stud ies of mi cro-in clu sions in de tri tal gold from
the Ce no zoic de pos its of Lower Silesia in di cate a dual or i gin for
the gold-bear ing ma te rial. Gold grains in the lo cal placer de pos -
its were sourced from the weath er ing of two types of pri mary
de posit: (1) the Car bon if er ous quartz-polymetallic veins of the
Kaczawa Meta mor phic Com plex and the W¹dro¿e Wielkie
Mas sif, and (2) the Perm ian ore-bear ing de pos its of red
beds-type, fill ing the North Sudetic De pres sion. The gold-bear -
ing de pos its of the Kaczawa-Izera Foot hills formed as a re sult
of weath er ing and ac cu mu la tion of rock ma te rial from both de -
posit types (Kania, 2018, 2023; Kania and Muszer, 2024), while 
the W¹dro¿e re gion’s placer de pos its orig i nate from the first
type. Fur ther more, the po ten tial in cor po ra tion of the de tri tal
gold from weath er ing peg ma tite for ma tions, Pleis to cene gla cial
de pos its and Au-bear ing rocks of the Fennoscandian Shield
into the Lower Silesian Ce no zoic placer de pos its re mains a
sub ject for fur ther ex plo ra tion (see Jêczmyk and Krzemiñska,
1996; Grodzicki, 2011; Koz³owski, 2011; Kania, 2023).
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APPENDIX 1

Char ac ter is tic EDS spec tra and el e men tal com po si tions of the mi cro-in clu sions and the Ag con tents in
gold grains from the Wierzbiak chan nel-fill de pos its

For the EDS anal y ses, the pol ished sec tions con tain ing gold grains were coated with graph ite. Each an a lyt i cal ses sion was pre -
ceded by cal i bra tion (En ergy-Chan nel Cal i bra tion / En ergy-Axis Cal i bra tion), in ac cor dance with the rec om men da tions of Bruker,
the man u fac turer of the EDS de tec tors and an a lyt i cal soft ware. Cal i bra tion was per formed us ing a cop per stan dard, due to sig nif i -
cant dif fer ences in crit i cal ion iza tion en er gies be tween the K, L and M lines, which en sures more pre cise com par i son be tween ana -
lysed and the o ret i cal spec tra. 

The anal y ses were ap plied in high vac uum con di tions, with the elec tron beam ac cel er a tion volt age of 25 keV and beam cur rent
of 15 nA. The char ac ter is tic X-ray spec tra ob tained were pro cessed us ing Bruker Es prit v1.9 soft ware. Point anal y ses were pre -
ceded by sur face el e men tal map ping of the fol low ing el e ments: Ag, As, Au, Bi, Cd, Co, Cr, Cu, Fe, Hg, Ir, Mn, Mo, Ni, Os, Pb, Pd,
Pt, Rh, Ru, S, Sb, Se, Si, Sn, Te, Ti, V, W, Zn. This pro ce dure min i mized the risk of the over look ing finer microinclusions (< 1 µm in
di am e ter), which can be missed dur ing ob ser va tions in re flected light. The gold grains se lected, with a com plex Au-Ag phase com -
po si tion of Au-Ag, were also ex am ined by lin ear anal y ses. 

A to tal of 60 spot anal y ses, 9 line anal y ses, and 280 sur face anal y ses were per formed on the re search ma te rial. Ac qui si tion
times of the EDS anal y ses were set to 60 s (point anal y ses), 90 s (lin ear anal y ses) and 120 s (el e men tal map ping). The ex tended
ac qui si tion times al lowed gen er at ing spec tra based on over a mil lion counts for a sin gle spec trum, en hanc ing the cred i bil ity of re -
sults of the semi-quan ti ta tive anal y ses. Quan ti fi ca tion of the data was car ried out us ing the PB-ZAF cor rec tion pro ce dure, in clud ing
Car bon Cor rec tion to ac count the graph ite coat ing. 

Each spec trum ob tained was in ter preted man u ally with par tic u lar at ten tion paid to artefactual peaks (es pe cially sum mary ones), 
which fre quently formed in the 4.5–5.0 keV range as an ef fect of the strong Au Ma peak cre ation. Brems strah lung back ground
shapes were also fit ted man u ally. Dur ing in ter pre ta tion, a built-in deconvolution tool was used to com pare the o ret i cal spec tra as a
com po si tion of a se lected set of el e ments with the ac tual char ac ter is tic spec tra. This ap proach en abled ac cu rate iden ti fi ca tion of
over laps of the el e ments and eval u a tion of el e men tal com po si tion of the sam ple by elim i nat ing false positives or in cor po rat ing pre -
vi ously un de tected el e ments. A de tec tion thresh old of 0.1 wt .% was adopted for each el e ment. Char ac ter is tic EDS spec tra and el e -
men tal com po si tions of the Au-Ag al loys and microinclusions iden ti fied in gold grains col lected from the Wierzbiak River chan nel-fill
de pos its are shown be low:

Fig. I. X-ray spec trum and point anal y sis re sults W-6.I – Ni-Co-Fe sulpharsenide within the W-6 gold grain



Fig. II. X-ray spec trum and point anal y sis re sults W-6.II – Cu sul phide with an el e men tal com po si tion sim i lar to chal co py rite
within the W-6 gold grain

Fig. III. X-ray spec trum and point anal y sis re sults W-6.III – Ni-Fe-Co sulpharsenide within the W-6 gold grain



Fig. IV. X-ray spec trum and point anal y sis re sults W-6.IV – Fe-Ni-Co sulpharsenide within the W-6 gold grain

Fig. V. X-ray spec trum and point anal y sis re sults W-6.V – Pb sul phide with an el e men tal com po si tion sim i lar to ga lena within
the W-6 gold grain



Fig. VI. X-ray spec trum and point anal y sis re sults W-6.VI – Fe sulpharsenide with an el e men tal com po si tion sim i lar to
ar seno py rite within the W-6 gold grain

Fig. VII. X-ray spec trum and point anal y sis re sults W-6.VII – Fe sul phide with an el e men tal com po si tion sim i lar to py rite within
the W-6 gold grain



Fig. VIII. X-ray spec trum and point anal y sis re sults W-6.VIII – Fe sulpharsenide with an el e men tal com po si tion sim i lar to
ar seno py rite within the W-6 gold grain

Fig. IX. X-ray spec trum and point anal y sis re sults W-6.IX – Fe sulpharsenide with an el e men tal com po si tion sim i lar to
ar seno py rite within the W-6 gold grain



Fig. X. X-ray spec trum and point anal y sis re sults W-6.X – Fe sul phide with the el e men tal com po si tion sim i lar to py rite within the 
W-6 gold grain

Fig. XI. X-ray spec trum and point anal y sis re sults W-6.XI – Ni-Co-Fe sulpharsenide within the W-6 gold grain



Fig. XII. X-ray spec trum and point anal y sis re sults W-6.XII – Ni-Co-Fe sulpharsenide within the W-6 gold grain

Fig. XIII. X-ray spec trum and point anal y sis re sults W-9.I – na tive bis muth within the W-9 gold grain



Grain Point anal y sis Ag (% wag.)

W-1

W-1.1 0.26

W-1.2 11.34

W-1.3 11.29

W-1.4 0.00

W-1.5 10.42

W-1.6 0.32

W-1.7 10.78

W-1.8 11.21

W-2

W-2.1 2.95

W-2.2 0.00

W-2.3 1.62

W-3
W-3.1 15.64

W-3.2 1.9

W-4

W-4.1 7.83

W-4.2 0.00

W-4.3 0.00

W-5

W-5.1 0.00

W-5.2 10.83

W-5.3 9.28

W-5.4 9.48

W-6
W-6.1 16.18

W-6.2 14.52

W-7

W-7.1 19.98

W-7.2 9.32

W-7.3 12.27

W-8

W-8.1 14.29

W-8.2 14.14

W-8.3 15.27

W-9
W-9.1 2.4

W-9.2 2.76

T a  b l e  I

Re sults of semi-quan ti ta tive anal y ses (wt.%) in
pol ished sec tions of gold grain al loys




